Investigations on Male Hypoganadism
We first became interested in the pathophysiology of testicular disease in 1951, at which time it was felt unlikely to be satisfactory to differentiate hypogonadal patients, as was largely being done, on the basis of gonadotrophin excretion and histological picture as the sole criteria. As a working hypothesis, therefore, a broader classification was proposed (Table 1) including both tubular and Leydig cell functions dependent upon a combined assessment of secondary sex characters, total gonadotrophin secretion, tubular function and Leydig cell appearances (Clayton et al. 1966) . Patients with anterior hypopituitarism were excluded. There are two hypothetical primary groups separating those patients with a tendency towards high gonadotrophin excretion and those with a tendency towards a low excretion. Each has three theoretical subdivisions, A, B and C. Patients were classified so that they fulfilled as far as possible the criteria set out in Table 1 . Table 2 shows the incidence of patients in these groups. Data are incomplete for those listed in the 'probable' column. Two-thirds are in Group 1, the majority of these in Group IA. Table 3 indicates the mode of presentation, and Table 4 the types of cases within the groups. Ten of the Klinefelter type cases could with difficulty be classified as pubertal and 17 postpubertal. The Leydig cells in Group IA showed great variation, fronm trabecular or nodular hyperplasia to apparent absence. Fifteen of the cases had certainly experienced mumps in childhood and in 18 it was probably excluded. In only one patient was mumps seriously suspected, although he had not had overt mumps orchitis, as a possible cause of the histological picture which included tubules containing Sertoli cells only. This patient was classified in Group lB.
It will be noted that testicles with tubules containing Sertoli cells occur only in three groups. I A, l B and 2A (see also Clayton et al. 1966) . Patients with the 'Sertoli-cell only syndrome' would be classified in Group 1 B. It must be admitted that the classification of individuals is not invariably a simple matter because of the variability that occurs within the criteria adopted and the difficulties of defining borderline cases. First, eunuchoidism is not always simple to define, especially when minimal as, for example, when seen in Klinefelter's syndrome. It is also of interest that skeletal dispro- and only a small, and perhaps variable, proportion of hormone secreted may be excreted. Furthermore a tenfold increase in excretion could occur in a particular individual without the elevated value, for him, exceeding the normal range (Hutchinson et al. 1965) . It was with such considerations in mind that we did not originally propose a major 'normo-gonadotrophic' group of patients.
In a few individuals the results for total gonadotrophin can differ significantly from day to day and make interpretation of single assays very difficult. In our laboratory the 950 fiducial limits of the results are 63-1740 of the observed values and the ratio of the geometric means in duplicate determinations on a given urine sample does not exceed 1-5. In Fig I there are four determinations on a single patient on successive days in which the variations all exceed this value, and furthermore, there is no overlap of the 95 o fiducial limits. This portion, the span significantly exceeding the height, was observed in 2 cases classified in Group lB because all other features of eunuchoidism were absent. Secondly, there are difficulties in the appraisal of gonadotrophin excretion which will be considered below. Thirdly, not infrequently large variations in sperm counts in seminal fluid are encountered, even when these are carefully conducted with proper abstinence. Thus in a series of patients variations have been observed in individuals ranging between 2 million and 120 million total sperms over periods of three to seventeen months. Since counts are often used as an initial screening procedure prior to further investigation and classification of patients, this variation can be of importance.
We have no experience of variations between biopsy samples, but the possibility of variability has been indicated by others (Bunge & Bradbury 1956 , Johnsen 1967 .
Excretion ofGonadotrophins
The level of total gonadotrophin excretion theoretically differentiates Groups 1 and 2, the former supposedly representing cases of primary testicular disease in which gonadotrophin might be expected to be raised, the latter cases of testicular hypofunction due to inadequate gonadotrophin stimulation. How far is this proposition justifiable? Until recently measurements have only been made of 'total gonadotrophin'. Largely as a result of the hypotheses of Albright (Howard et al. 1950 ) this has generally been assumed to be a parameter of FSH excretion, and hence secretion. However, we have little knowledge of the relative contributions of FSH and LH to this parameter Nevertheless, review of total gonadotrophin values in the series of patients under consideration is illustrated in Fig 2. With the exception of the undetectable values all are, as indicated, statistically valid assays. Our normal range is 2-5-20 mg IRP-HMG/24 h. There are patients in Group IA who clearly exceed the upper normal, but not all do so, and hence the statistical difference of the mean of the groups from normal has not been examined. It should be noted that 2 castrate patients have elevated values, chromatinpositive Klinefelter's cases are in the upper range, but 2 of the 9 chromatin-negative cases are in the lower group of the I A values. The highest value was seen in a patient with Werner's syndrome. Although it appears that there is a distinct tendency for elevation of total gonadotrophin in Group 1B statistical comparison of the geometric mean with the normal fails to reveal an overall difference in the present data. The status of total gonadotrophin excretion in this group therefore remains sub judice. In the three subdivisions of Group 2 on the other hand it seems clear that total gonadotrophin is in fact reduced in most patients. The variations of the group means from normal cannot be examined statistically, since there is no definitive quantitation of the lowest values.
Values for LH assays by the ovarian ascorbic acid depletion technique are given in Fig 3. The mean 9500 fiducial limits of the results are 42-247% of the observed values and again the usual criteria of validity are employed. The normal range, as at present established, is 5-17 i.u. LH/ 24 h. In Group IA 3 chromatin-positive Kline- felter cases are in the upper range and 2 apparently normal, but one of the latter is aged only 15. Four of 6 chromatin-negative cases are in the upper range; one of the 2 which were normal was only 16 years old. The 2 castrate patients were within the adult normal range but the younger was in fact only 13 years old. There are few valid assays for comparison in the literature but no elevation was observed in 2 castrates and marked elevation in 2 chromatin-positive Kl inefelter cases (Becker & Albert 1965 , Steinberger et al. 1965 ). Franchimont (1967) , using an irnmunoassay technique, reported 4 elevated values in the sera of 7 Klinefelter cases.
The remaining data are at present sparse, but Group lB may be heterogeneous and there is a suggestion, as might be expected, of low values in Becker & Albert (1965) an elevated value. The latter authors observed elevated FSH in 2 castrated men. This pattern so far correlates with that for total gonadotrophin values. It is not possible to deduce much concerning the possible releasing mechanism of FSH, but it appears that spermatogenic arrest to the stage of spermatocytes or spermatids is an insufficient stimulus, whilst the presence of large numbers of Sertoli cells is without an inhibitory effect. Two cases with the highest values had the most completely destroyed tubules.
Leydig Cell Function
It has proved difficult to deduce much concerning the functional activity of the Leydig cells on the basis of clinical examination and testicular histology alone. A procedure was recently reported by us for evaluating the testosterone secreted into testicular vein blood and its responsiveness to HCG (Jeffcoate et al. 1967) .
Results to date are depicted in Figs 4 and 5. The 2 patients with apparently normal testicles, but who were investigated for infertility, had resting values of 51 and 103 ,g/100 ml testicular vein plasma. This, together with the available data of Hollander & Hollander (1958) and of Hudson et al. (1965) , gives a tentative normal range of 11-160 ,ug/100 ml, with a mean value of about 60 ,ug/100 ml. These two 'normal' individuals showed excellent responses to HCG.
In Group IB, in which there was no clinical evidence of eunuchoidism, the resting values were 8 5-1 19 pg/ 100 ml. The former is the lowest seen in the absence of eunuchoidal features. Although the measurement of testosterone secretion rate (TSR) by urinary isotope dilution techniques is open to considerable criticism, the low plasma values in Cases 43 and 45 were in accord with low TSR values (0-4 and 3-5 mg/day) (Jeffcoate et al. 1967 ). These 2 patients responded poorly to HCG and in one LH excretion is known to be low (<3 i.u.). The 4 patients with higher testosterone levels responded, as a group, well to HCG; in one LH excretion was low, in another normal. According to the original hypothesis patients of Group 1B should have normal LH function but the data here are not entirely in accord with this.
The patients in Group IA, all of whom had Klinefelter's syndrome which was chromatin positive, except in Case 17, had resting values of 9-1 to 120 ,g/100 ml, which correlated poorly with the mild eunuchoidal features present in 5 of the patients. In the 2 cases with lowest values (Cases 4 and 8) TSR values were also very low ( 1-2 and 0 mg/day). Omitting Case 4, on account of his youth (15 years) and absence as yet of marked Leydig cell hyperplasia, the other 5 cases showed a relatively poor response to HCG, the maximum level being 128 ,ug. The case observed by Lipsett et al. (1966) also had a sluggish response to HCG with respect to the testosterone production rate, and this was found, with respect to peripheral plasma testosterone levels, by Paulsen et al. (1966) .
Three out of 4 of these cases were found to have high LH excretions and it has already been seen that, in general, it is in patients of this type that LH excretion is most often raised. This then suggests that there is a pathological stimulation of Leydig cells.
Examination of good biopsy specimens shows that in both the trabecular and nodular types of hyperplasia large active-looking cells predominate, some rounded or polygonal with densely eosinophilic cytoplasm, and some polygonal cells with less dense cytoplasm and peripheral vacuoles, corresponding to adult Leydig cell Type I and Type Il of Mancini et al. (1963) . Possibly the most characteristic are the Type II cells, which have been observed to be present after HCG stimulation by Hatakeyama (1965) . It is cells of this type which appear to have the most active endoplasmic reticulum under the electron microscope (Fawcett & Burgos 1960) .
From the functional standpoint, the situation in this group appears somewhat analogous to that in congenital adrenal hyperplasiaexcessive stimulation of target cells by increased trophic hormone secretion with ensuing active hyperplasia, but with decreased synthesis of the primary hormone and poor responsiveness to trophic hormone administration. It is thus very tempting to speculate on the possibility of the presence of an enzyme block in testosterone synthesis in these patients. However, it should be noted that Koudstaal et al. (1967) found, histochemically, good amounts of 3,B-ol-dehydrogenase activity in the 'compact and vacuolated' hyperplastic cells, some of which were probably obtained from patients with Klinefelter's syndrome. Lipsett et al. (1966) felt that it was 'facile' to conclude that there was an enzyme block in testosterone synthesis. Four patients in Group 2A (Fig 6) , as expected, have been found to have testicular vein plasma levels in the lower range, the highest values being 15 ,g/100 ml, and TSR in 3 cases was low (O to 0-3 mg/day). There was poor responsiveness to HCG. These patients were eunuchoid, had small testes and a reduced number of Leydig cel Is.
Testosterone levels in 3 patients in Group 2B were quite varied, the lowest being 12 ,g/ 100 ml. They were not eunuchoid and Leydig cells were normal. Yet surprisingly the response to HCG was very poor and this remains unexplained.
Urinary Testosterone Excretion
Finally it appears that a simple approach to the evaluation of Leydig cell function may be by the measurement of urinary testosterone excretion and its response to HCG. In Fig 6 are seen 5 examples. Case 84 was judged to have normal testicles. Case 99 had been orchidectomized for prostatic cancer and shows complete failure of response. Case 100 was classified in Group 2A and, as seen previously, responds poorly. Case 53 (Group IB) shows some response, as does Case 98. The latter, a boy aged 16 years, was investigated for potential interstitial cell function of intra-abdominal testicles. This test then appears to be of potential value although it has inherent defects. These include the fact that only about 1 % of secreted testosterone is converted to urinary testosterone glucuronide and that the latter is not solely derived from testosterone. However, it is clear that, on account of its simplicity, this type of investigation as a test of Leydig cell function warrants further exploration. 
Further Studies on a Gonadotrophin Stimulation Test of Ovarian Function
In a previous publication (Swyer et al. 1968) we have described observations on the urinary excretion of cestrone following injections of serum gonadotrophin as a test of ovarian responsiveness. We found that a single intramuscular injection of 18,000 i.u. of pregnant mares' serum gonadotrophin (PMS) produced a peak of oestrone excretion about seven days later and that the cestrone output on that day correlated closely with ovarian size as estimated by gynecography; it failed to correlate with urinary 'total gonadotrophin' excretion. In the presence of polycystic ovaries the injection of 18,000 i.u. PMS carried with it the risk of ovarian hyperstimulation and we therefore advised that ovarian size should normally be determined before the gonadotrophin stimulation test was attempted. In this communication we report a small number of results on repetition of the test, first to gain some idea of reproducibility and, secondly, to see whether, when the response was within what we
